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Single-photon avalanche detectors —
their characterisation and use in measuring single-photon pulses

Robert Kirkwood'", Ivo Pietro Degiovanniz, Christopher Chunnilall'
'National Physical Laboratory, Hampton Road, Teddington, TW11 OLW, UK
’INRIM, Strada delle Cacce 91, I-10135 Torino, Italy
*robert.kirkwood@npl.co.uk

Abstract. A sound understanding of correlated signals generated by single-photon detectors is important
when such devices are employed in schemes to distribute quantum keys and generate random numbers. We have
derived analytic expressions to describe observed time-sequences of dark counts and after-pulses; this permits a
measurement of the after-pulse probability distribution. When such detectors are used to measure the mean photon
number of optical pulses, dark counts and after-pulses must also be accounted for. We also derived analytic
expressions to extract the mean photon number from measurement data obtained using a calibrated SPAD. We
have applied these to experimental procedures described in a recent ETSI Group Specification for characterizing
gated single-photon avalanche detectors and measuring mean photon number; results obtained by the different
procedures will be presented.

Single-photon avalanche photodiodes (SPADs) are the most widely-used single-photon detectors today.
They possess non-ideal detection efficiency (< 1), no photon-number resolution, occurrence of dark counts and
after-pulses, and dead-time. In the telecom regime, they have traditionally been gated to reduce the occurrence of
dark-counts and their induced dead-time. Within a gate, a ‘click’ can be caused by a true detection, a dark count,
or an after-pulse; one, two, or all of these may occur in a single gate. Furthermore, the after-pulse probability is
generally a function of elapsed time since the previous ‘click’.

These properties have led to the development of a number of methods, of different degrees of
experimental complexity, to characterize SPADs. Particular methods are able to quantify some or all of the
properties. Similarly, when using a SPAD to measure the mean photon number of emitted pulses, one also has to
account for the SPAD properties and their consequences.

We derive algebraic expressions (and present the assumptions underlying them) that can be used to: (i)
analyse a sequence of detector ‘clicks’ comprising dark counts and after-pulses, enabling the temporal behaviour
of after-pulses to be extracted from time-sequence data; (ii) extract the mean photon number from measurement
data obtained using a calibrated SPAD. The cases where every SPAD gate is illuminated and where only the Nth
SPAD gate is illuminated are analysed.

These expressions are used to: (i) analyse data obtained using three of the methods described in a recent
ETSI Group Specification document [1] for characterising gated SPADs. The methods were applied to the
characterization of a gated detector, and extended, where applicable, to a free-running detector; (ii) analyse data
obtained using the 2 methods described in [1] for measuring the mean photon number of pulsed sources.

A comparison of the results obtained by the different methods, together with their respective
uncertainties, is presented. This demonstrates the level of detail and accuracy that can be extracted from the
respective methods.
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